In the embryo, the primary head sinus (PHS) is the first venous drainage channel in the craniocervical region. During embryonic development, this channel regresses and usually disappears completely; accordingly, a remnant of the PHS is an extremely rare condition and has been described in only a few previous studies. Here, we report a case of remnant of the PHS with a dural arteriovenous fistula (dAVF) in an adult. The remnant of the PHS had penetrated the petrous bone to run from the middle fossa to the jugular bulb and served as a drain for the middle fossa dAVF. We used digital subtraction angiography and reconstructed cone-beam computed tomography in 3D rotational angiography to obtain detailed anatomic information about the remnant PHS and additionally scrutinised and discussed its features.
Introduction
Although the human embryonic primary head sinus (PHS) has been described in several studies, 1,2 only one report has described a remnant of the PHS in four adults with aberrant vascular channels in the petrous bone. 3 The present report describes a rare case of a patient with an aberrant vein in the petrous bone, the anatomical features of which were consistent with those of the PHS.
Clinical presentation
A 72-year-old woman presented with pulsatile rightside tinnitus. Selective angiography revealed multiple dural arteriovenous fistulae (dAVF) affecting the transverse-sigmoid sinus, anterior condylar confluence, and middle fossa (Figures 1-3) . A dural venous sinus reflux was present, but cortical reflux was absent (Cognard Type 2a). Selective angiography of the right internal maxillary artery ( Figure 3 ) revealed an aberrant vein that connected the middle fossa fistula and the jugular bulb and served as a drainage channel for the middle fossa dAVF. This venous channel was evaluated using reconstructed cone-beam computed tomography (CBCT) in three-dimensional (3D) rotational angiography ( Figure 4 ), which demonstrated that the aberrant vein ran from the middle fossa to the jugular bulb and had penetrated the petrous bone ventrolaterally to the inner ear and internal carotid artery.
Treatment and outcome
A transvenous approach could not be completed because of the anatomical difficulty; instead, we performed a transarterial embolisation with Embosphere Õ (Merit Medical Systems Inc., South Jordan, UT, USA) via the right occipital artery. After transarterial embolisation, the shunt flow affecting the transverse-sigmoid sinus decreased (figures not shown) and the patient's symptoms improved. She was released from the hospital without any neurological deficits.
Discussion
The PHS appears at an early stage of human embryonic development and serves as the initial draining venous channel in the craniocervical region. This channel emerges laterally to the neural tube and is continuous with the anterior cardinal vein, which joins the posterior cardinal vein to form the common cardinal vein that enters the primitive heart. This vein therefore provides the first true venous circulation to the head. The PHS accordingly derives its name from its role in draining Department of Neurosurgery, Keio University School of Medicine, Japan the three dural plexuses located in the future dural layer. 1, 2 Padget described the human embryonic PHS in detail in an earlier report. 1 In an embryo with a crown-rump length (CRL) of 5-8 mm, the PHS is initially located medially to the fifth, 10th, 11th and 12th cranial nerves but laterally to the seventh, eighth and ninth cranial nerves; primitive internal carotid artery; and otocyst. When the embryo reaches a CRL of 7-12 mm, the proximal portion of the PHS migrates from the medial to lateral side of the 10th to 12th nerves. During the following stage (CRL, 18 mm), the otic vesicle grows markedly and compresses the adjacent PHS, which gradually regresses. Concurrently, a new intracranial drainage route is established through anastomosis of the middle and posterior dural plexuses dorsal to the original channel. This new route eventually comprises the future sigmoid sinuses. The PHS disappears almost completely when the embryo has a CRL of 20 mm, except for small portions that will subsequently form a part of the cavernous sinus, superficial Figure 1 shows the right external carotid angiography in the present case. The fistula (white arrow) is located diffusely on the transversesigmoid sinus, and is mainly fed by the left occipital artery (black arrow) and middle meningeal artery (grey arrow). Figure 2 shows the left internal carotid angiography. This image discloses the fistula located near the anterior condylar confluence (white arrows). In this case, the left ascending pharyngeal artery (black arrow) directly diverged from the left internal carotid artery. petrosal vein. 1 This developmental progress is illustrated in Figure 5 .
This early venous development process is very stable, and hence, a remnant of the PHS is an extremely rare finding. As mentioned earlier, only one previous report has addressed the remnant of the PHS. 3 The authors reported four cases in which adult patients presented with aberrant vascular channels that had penetrated the petrous bone and were observed to run between the sigmoid sinus and superior petrosal sinus. The vascular channel was identified using gadolinium-enhanced T1weighted magnetic resonance imaging in only one of the four cases; the others were investigated using computed tomography (CT). Furthermore, the authors were unable to show a detailed connection between the aberrant vein and the other venous sinuses. As these channels ran through petrous bone along the inner ear and linked two dural channels, the jugular bulb and superior petrosal sinus (SPS), the authors concluded that these channels likely corresponded to a persistent embryonic vein.
The features of the aberrant venous channel in our case corresponded to those described in the previous report of adult cases 3 as well as the PHS description reported by Padget. 1 We therefore considered this channel to be a remnant of the PHS for the following reasons.
First, the route of the channel through the petrous bone obviously corresponded to that of the PHS. The distal end of this aberrant channel in the present case was located precisely on the dura of the middle fossa, where the dAVF was located and where the pro-otic sinus (remnant of the middle dural plexus) and PHS are connected during human embryogenesis. 1 This junction was termed the 'lateral wing of cavernous sinus' by Padget and is occasionally found to be connected to the foramen ovale and emissary veins in adults. 1, 4 Padget considered the lateral wing of the cavernous sinus and the superficial petrosal vein, which is continuous to the lateral wing of the cavernous sinus and runs along the greater superficial petrosal nerve and penetrates the petrous bone, as a remnant of the PHS. The anatomical features of the superficial petrosal vein are similar to the distal end of the aberrant vein in the present case, which also ran posterolaterally from the lateral wing of the cavernous sinus and enters the petrosal bone near the hiatus of the facial canal.
The embryonic PHS is located laterally to the seventh, eighth and lower cranial nerves, and eventually disappears after the inferolateral compression by the otic vesicle, which becomes the future labyrinth in the inner ear. 1 Therefore, the predictive course of the remnant of PHS in the petrous bone is lateral to the cranial nerves (seventh to 12th) and inferolateral to the labyrinth and the inner ear. Actually, the aberrant channel in the present case ran along the predicted course through the petrous bone, with the proximal end of the channel connected to the jugular bulb. Second, the channel was thought to have developed prior to ossification of the petrous bone because it ran through the osseous canal of the petrous bone. Before ossification of the petrous bone, the PHS was the most prominent vein near the otic vesicle, with no other countervailing vein. 1 The sigmoid sinuses usually replace the regressed PHS. In the present case, the ipsilateral sigmoid and transverse sinuses were patent and normal intracranial venous drainage flow was maintained. We postulated that a temporary thrombosis, stenosis, or occlusion of the transverse-sigmoid sinus during embryogenesis temporarily obstructed the normal venous drainage and caused persistence of the PHS. Transverse-sigmoid sinus flow might have normalised in later developmental stages. As adult dAVF is considered an acquired disease, 5, 6 we also assumed that postnatal thrombosis of the distal end of the remnant PHS might have disconnected the PHS from the cavernous sinus and triggered the formation of multiple dAVF.
Although we could not directly verify whether this aberrant vein was a remnant of the PHS, its features may correspond with a remnant of the PHS. The finding of an aberrant vein in the petrous bone that runs from the middle fossa to the jugular bulb indicates the possibility of persistence of the PHS. Knowledge of the anatomy and embryology of the PHS are occasionally necessary to treat lesions involving a remnant of the PHS, as demonstrated in the present case.
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